4 described previously (8). Groups of 80-100 flies of each indicated genotype were tested in batches of 10 flies per vial, and the time to complete paralysis of all 10 flies was recorded.
For lifespan curves, virgin females and males were collected in sets of 10 flies per vial, and maintained at 25 °C (or 29 °C for levy 1 and levy-KD) in standard medium. Flies were transferred to fresh food vials three times a week, counting the number of dead flies with each transfer. At least 10 vials of each sex and genotype were used in life-span experiments. Shortterm survival assays were conducted similarly, but using only 3 vials of each sex and genotype.
Protein analysis
Mitochondria from adult flies and pupae were isolated as described (74), from batches of 80-100 flies ground in. 0.5 ml of isolation medium, with final resuspension in 50 l of isolation medium without BSA. For isolation of mitochondria from L3 larvae, 0.01 M freshly neutralized cysteine hydrochloride was added to the isolation buffer. Protein concentrations were measured using the Bradford assay. SDS-PAGE and Western blotting using antibodies against AOX, ATP synthase subunit , NDUFS3 and GAPDH were as described previously (8, 10) . Blue native polyacrylamide gel electrophoresis (BNE) and in-gel activity staining of mitochondrial enzymes were performed essentially as described in (54), using NativePAGE Novex Bis-Tris Gel System (Invitrogen) and batches of 100 µg of isolated mitochondria.
Staining for cI activity was for 20 min, for cIV activity for the times indicated in figure legends.
RNA extraction and Q-RT-PCR
RNA from Drosophila adults and larvae was extracted as described (8) . cDNA synthesis,
qRT-PCR and data analysis were performed as described for Surf1 mRNA in (8), using the following primer sets (all denoted 5´ to 3´): AOX S and AOX R for AOX (8), RpL32 F short and RpL32 A Short for RpL32 (8), Surf1 F and Surf1 R for Surf1 (70), cypeF:
CGCCTACGCCGACTTCTACT and cypeR: GAAGCGCAACTCTTGTTCTACA for cyclope, CoVa F: CGATGCCTAAGCGGAGAACA and CoVa R:
CATCCGCACCATACATTGGA for CoVa and 30892 F: CAATGGCATCGATCTGTGGA and 30892 R: ATACCAGTGGCGTGCTCCAA for CoVb.
Metabolic analyses
Cytochrome c oxidase activity was measured using the CYTOCOX1 kit (Sigma), according to manufacturer s recommended conditions. Polarography was performed using a highresolution Oroboros 2 K respirometer for whole-fly homogenates, as described previously (75), sequentially using the following substrate mixes (Sigma): for cI-driven substrate oxidation, 5 mM each sodium pyruvate and proline, plus 1 mM ADP; for G3PDH-driven substrate oxidation: 0.5 M rotenone followed by 20 mM glycerol-3-phosphate; for cIV-driven substrate oxidation: 2.5 M antimycin followed by 2 mM ascorbate plus 400 M TMPD,
Imaging
Imaging of the head and thorax was carried out on flies from which abdomen and wings had been removed prior to fixation in 4% formaldehyde for 3-5 h and paraffin embedding (Sakura Tissue-Tek VIP 4). 4 m sections (Microm HM310 rotation microtome) were attached to Thermo Scientific SUPERFROST Plus microscope slides at 37 °C overnight. Paraffin was removed using three xylene washes, followed by a descending ethanol series. Sections were analysed both by immunocytochemistry and by haematoxylin and eosin (H&E) to distinguish morphological differences in the brain. For H&E staining slides were first incubated in haematoxylin (Mayers, Merck, diluted 1:4 with distilled water) for 3 min, washed with running tap water for 10 min, then counter-stained in 0.1 % Eosin Y (Histola, with glacial acetic acid added) for 40s. Excess colour was rinsed off with distilled water and slides. (fluorescent lamp Olympus U-RFL-T). L3 larvae were dissected in PBS using Dumont #55
INOX forceps, on microscope slides with a recessed well and individual organs and tissues were removed for separate imaging. Pupal dissections were performed between stages 8-10, when there was visible eye pigment. Pupae were immobilized on a microscope slide with double-sided tape and the pupal case was gently removed using dissection forceps, beginning from the anterior and lifting the case away from the dorsal side, after which 70% glycerol was added and the whole pupa imaged. Pupae were dissected in PBS to isolate thoracic muscle and the CNS (brain and ventral nerve cord) for imaging. Adult flies were anaesthetized for 10-20 min in otherwise empty vials containing a cotton swab dipped in FlyNap (Carolina Biological Supply Company) Whole flies were imaged under fluorescent and bright light and then dissected. Before dissection flies were dipped into 96 % EtOH for 10 s to soften the cuticle for easier dissection, which was done in PBS, to isolate thoracic muscle, CNS and abdominal organs for individual imaging. Dissection of testes for imaging by phase-contrast microscopy was conducted on 2 day-old males anaesthetized on ice. For video imaging of sperm motility, dissected testes were punctured in PBS containing 1% BSA.
No image manipulation was done, other than standard brightness and contrast optimization.
SUPPLEMENTARY FIGURE LEGENDS
Figure S1
Insertion However, all pupae eclosed and the resulting adults appeared normal. In contrast, rescued males produced no progeny (>50 Ndi1-rescued males tested from knockdown of each gene).
Testis morphology of the rescued males appeared grossly normal (phase-contrast microscopy, panel C), although knockdown was clearly effective in testis, as judged by the levels of the cI marker protein NDUFS3 in Western blots (panel D). When testes from the Ndi1-rescued males were punctured by dissection needles, superficially mature sperm were seen, but were much less plentiful than from control males, and were immotile when exposed to standard buffer, whereas sperm from control males processed in parallel were motile. In (D) all flies carry the Ndi1 A46 transgene, but there is expression only where knockdown of the indicated genes is co-driven by da-GAL4. Molecular weights extrapolated from markers; the separate panels are from nonadjacent tracks of the same gel. 
